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GENES FORS'-ADENOSYL L-METHIONINE : JASMONIC ACID 
CARBOXYL METHYLTRANSFERASE AND A METHOD FOR THE 
DEVELOPMENT OF PATHOGEN- AND STRESS-RESISTANT PLANTS 

USING THE GENES 

5 

Technical Field 

The present invaition relates to a novel gene for jasmonic acid caiboxyl 
methyltraosferase (iS-adenosyl-L-metibionine: jasmonic acid caifooxyl 
10 mediyltransferase) and a novel jasmonic acid carboxyl melhyltransferase protein 
synthesized therefrom, and more particularly, to a phytopathogen-, harmful insects 
and stress-resistant plant transformed with an expression vector containing the gene. 

Backgromid Art 

15 It has been known that the jasmonic acid (JA) and the jasmonic acid methyl 

ester (JAMe) are a &mily of compounds mediating die defense responses to woimd on 
the plant due to physical damage or harmful insects or invasion of phytopathogenic 
organisms, as well as a growth regulating material widely present in various kind of 
plants (Creelman and Mullet, Annu. Rev. Plant Physiol. Plant MoL Biol 48:355-381, 

20 1992). In addition, it has also been noted that such resistant reactions are comprised 
of very complicated signal transmitting network (Glazebrook, Curr. Opin. Plant Biol. 
2:280-286, 1999). 

When the plant is infected with phytopathogenic organisms such as viruses, 
bacteria and fimgi, die pathways which recognize and react a^unst such infection in 

25 plants can be generally classified into the following two pathways: one is the pathway 
mediated by salicylic acid (SA) and the other is the pathway mediated by JA. It has 
been known that these pathways involve a chain reaction of many kinds of gmes and 
proteins. Although it has been known that the reaction pathway resistant to the wound 
by harmful insects is generally mediated by JA, Ihereactionpalhwayresistant to virus 

30 is generally mediated by S A, and the reaction palhway resistant to bacteria and fimgi 
is generally mediated by SA or JA specifically depending on the kinds of 
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phytopatliogens; however, tMs classification is not absolute (Reymond and Farmer, 
Curr. Opin. Plant Biol, 1: 404-411, 1998). Such reactions can allow the plants to 
widistand stimulations caused by phytopathogens and harmful insects through a 
systemic response diffused tiiroughout the whole plant body, as well as a local 

5 response rapidly occurred in the damaged and infectious region (Dumer et a/.. Trends 
PUmtSci. 2:266-274, 1997). 

In such a reaction, SA stimulates a series of genes, such as PR-1 
(pathogenesis related protein-l), PR-l and PR^5, to induce the expression of 
corresponding proteins, thereby allowing to occur a systemically acquired resistance 

10 throughout the whole plant body (Uknes et al.. Plant Cell 4:645-646, 1992), and JA 
stiihulates a sales of genes, such as PDF1.2 (plant defensin), PR-3 and VSP 
(vegetative storage protein), to induce the expression of corresponding protdns 
(Pemiinckx et al. Plant Cell 8:2309-2323, 1996). Recently, it has been reported that 
some symbiotic fungi build an induced systemic resistance reaction through JA 

15 synthesis (Pieterse et aL, Plant Cell 10:1571-1580, 1998). JA transmits a signal from 
the region damaged by harmful insects or physical causes, and as a result, allows the 
plant to build a resistance to the damage in the whole body as well as the infected 
region. However, among genes induced in said reactions, some genes such as Pin2 
proteinase inhibitor II) may be induced by both SA and JA, and therefore, such 

20 classification of the resistant reactions is not specifically absolute. Thus, it has been 
acc^ted that any correlation betwem signal transmission pathways mediating tiie two 
reactions may be present ^leymond and Farmer, Curr. Opin. Plant BioL 1:404-411, 
1998). 

In the prior art, as an effort in the molecular breeding field to obtain the plant 
25 resistant to phytopathogCTs and harmful insects througjti introduction and expression 
of recombinant genes, it has been attenq>ted to use one or two genes, which are 
determined to be induced by SA and JA and then to be involved in the resistant 
reactions, such as Pi/i2, PR3 or PR5. As a result, although plants may acquire some 
resistance to phytopathogens and harmfiil insects, tiiis acquired resistance is 
30 applicable to a limited number of pathogens and insects (Zhu et al.y Bio/Technology 
12:807-812, 1994). Meanwhile, it has been rq>orted that when Arabidopsis species 
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are transformed with NPRl (non-expresser of PRl) gene, which is recognized as one 
of Hie important regulators in SA signal transnoission pathway, they become somewhat 
resistant to Peronospora parasitica and Pseudomonas syringae (Cao et al., Proc. Natl. 
Acad. Sci. 95:6531-6536, 1998). 
5 In order to clearly identify the role of SA and JA mediating such resistant 

reactions, the study has heca made to quantitatively analyze a change of the 
concentration of these materials in the plants damaged by phytopathogens and harmful 
insects or to detemiine the response of plants in the e:qpression level of resistant genes 
after externally spreading SA or JA. However, since solubility and volatility of JA are 

10 very low, the study has been made using JAMe, which is believed to convert into JA 
after being penetrated into the plant (Fanner and Ryan, Prvc. Natl Acad. Sd. 
87:7713-7716, 1990). Furthemiore, the distribution patterns of JA and JAMe in plant 
tissues do not diSer much &om each other so that these two materials cannot be 
distinguished from each other (Creehnan and Mullet, Annu, Rev. Plant Physiol. Plant 

15 Mol Biol. 48:355-381, 1992). Moreover, in the prior art, since JMT enzymes capable 
of synthesizing JAMe from JA have not been idmtified, any study relating to the 
metabolism and function of this material has never been made. However, it has been 
rq>orted that JAMe, which is more volatile, can move through air to induce the 
disease-resistant reaction of other plants (Famier and Ryan, Proc. Natl Acad. Sci. 

20 87:7713-7716, 1990). Therefore, a possibility that JAMe will be a stronger disease- 
resistant inducing material, which functions at a low concentration, cannot be 
excluded. 

Thus, by paying attention to the relationship between tiie concentration of SA 
and JA in the plant body and a disease-resistant reaction, the study of a mutant having 

25 an inoteased SA concentration in the body such as lsd6 (lesions sunulating disease 6), 
bd7^ acd2 (acceloated cell death 2), has been conducted. However, althou^ the 
mutant having a consistently increased SA concentration in the body could increase 
the expression levels of disease-resistant genes and show a resistance to various 
disease, it has also hem found that such mutant is unsuitable for applying to the 

30 economical crops since the hei^t of tiie mutant becomes dwarfish and the early 
ageing phenomenon has ippeared (Greenberg et a/.. Cell 77:551-563, 1994; Weymann 
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et a/.. Plant Cell 7:2013-2022, 1995). 

However, the mutant having consistently increased JAMe concentration in Ihe 
body has not been known yet, and therefore, the study to inorease the resistance to the 
damage caused by phytopathogens and harmful insects by introducing and expressing 

5 the genes, such as LOX n (Upoxygenase D) or AOS (alien oxide synthase) genes, 
which are concerned to the previous step of the JA biosynthesis in the plant body, has 
been conducted. It has been noted that when AOS gene is over-expressed in 
chloroplast, JA concmtration in the plant body was increased by 6-12 times, whereas 
the eitpression of disease-resistant genes such as Pin2 was not increased; moreover, 

10 the disease-resistance was not demonstrated (Harms et al.^ Plant Cell 7:1645-1654, 
1995). Furthermore, when AOS gene is over-expressed in cytoplasm, JA 
concentration in the plant body did not change, and reaction pattern of this plant 
against the damage was not distinguished from that of the corresponding wild ^e 
plant (Wang et a/.. Plant Mol. Biol 40:783-793, 1999). It has been known that 

15 contrary to SA, JA greatly affects to development, differentiation and metabolism of 
the plant in a various maimer. Therefore, it has been regarded that the over-expression 
of JA is also involved in various reactions as well as the disease-resistance of the plant, 
and therefore, JA will have a great possibiUty of exerting the undesirable effect on the 
development, differentiation and metabolism of plant, as widi SA. 

20 Thus, the present inventors have extensively studied the effect of JAMe on 

plants and, as one of flie result thereof have identified and characterized a novel 
jasmonic acid carboxyl methyltransferase protein and a novel gene encoding said 
meihyltransferase. In addition, the pr^ent inventors also found that the transgenic 
plants transformed with said gene eiihance the expression of numerous genes relating 

25 to a plant resistance agaiost the damage caused by phytopathogens and harmful insects 
through the production of JAMe, and consequently, have a resistance against plant 
damages caused by various phytopathogens, harmful insects and further stresses, with 
substantially no side effect — thus, con4>leted the present invention. 

30 Disclosure of Invention 

The object of the present invention is to provide a novel jasmonic acid 
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cacboxyl methyltransferase gene synthesizing JAMe involved in fhe resistance against 
tiie plant damage caused by phjixjpathogens and harmful insects, and an enzyme 
protein for which said gene encodes. 

Further, another object of the present invention is to provide a transgenic plant 
5 with an increased resistance against damages caused by various phytopathogens and 
harnifiil insects and a mininmm side-effect on plant growth by identifying the 
characteristics of said enzyme protein, recombining said gene to produce said 
transgenic plant and then, over expressing said gene, and to provide a method for 
producing thereof. 

10 In order to attain said objects, the present invention provides a novel jasmonic 

acid carboxyl methyltransferase, more particularly JMT enzyme having an amino acid 
sequence of Sequence ID No. 3 isolated from Arabidopsis. 

In addition, the present invention provides a cDNA gene represented by 
Sequence ID. No. 1 encoding said jasmonic acid carboxyl methyltransferase protein. 

15 Furthermore, the present invention provides a recombinant vector constructed 

by introducing said gene into an expression vector for plant transformation; a method 
for producing a transgCTic plant which over-expresses a gene for jasmonic acid 
carboxyl metiiyltransferase in tiie whole plant body by using said recombinant vector; 
and a metiiod for enhancing a plant resistance against stress and damages caused by 

20 phytopathogene and hamifiil insects using said transgenic plant. 

Brief Description of the Drawings 

The above objects and otiier advantages of the present invention will become 
more apparent by describing in detail of preferred embodiment thereof with references 
25 to attached drawings, in which: 

Figure 1 shows the stmctmre of cDNA clone pJMT of jasmonic acid carboxyl 
methyltransf (»:ase (JMT) cloned from Arabidopsis thaliana, wherem a geaic for JMT 
enzyme according to the present invention is inserted into pBlueScript 

Figure 2 shows the amino acid sequence of protein derived from cDNA gene 
30 of JMT enzyme cloned from Arabidopsis thaliana in comparison to the amino acid 
sequence of protein derived from SAMT as a gene for known salicylic acid 
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meliiyltraiisferase (Accession No. AF133053; Ross et a/., 1999). In Figure 2, AtlMT 
denotes JMT enzyme of Arabidopsis thcdiana and SAMT denotes salicylic acid 
methyltransferase oiClarMa breweri. 

Figure 3 shows the structore of recombinant gene pGST-JMT for eiqiression 
5 of JMT gene in the form of a fiision protein with gluthatione iS-transferase by ins^ting 
JMT gene into pGEX-2T as E. coli expression vector. In Figure 3, Ptac denotes tac 
promoter and the underline indicates die nucleotide and amino acid sequences of 
amino terminal of JMT constituting the fusion protein. 

Figure 4 shows the purity of fusion protein as measured by expressing 
10 recombinant gene pGST-JMT in E. coli BL21 in a large quantity, separating the fusion 
enzyme protein in a purified state and Ihen analyzing the purity of fiision protein by 
means of SDS-electtophoresis. In Figure 4, lane 1 is a vaaAxx for protein molecular 
weighs lane 2 is 15 jig of a total protein of E. coli BL21/pGEX-2P, lane 3 is 15 jig of 
a total protein of £. coli BL21 transformed with pGST-JMT vector containing JhdT 
15 gene according to the present invention; lane 4 is 5 |ig of the ehiate fiom gluthatione 
agarose column; and lane 5 is 5 jig of the eluate firon Siq>erdex 200 column. 

Figure 5 shows the result obtained by reacting recombinant enzyme protein 
GST-JMT as separated in a purified state with jasmonic acid (JA) and S'-adenosyl 
methionine (SAM) as the substrate and then identifying the synthesis of jasmonic acid 
20 methyl ester (JAMe) by means of gas chromatography and mass spectrometry. In 
Figure 5, A is the analysis result of JAMe and B is the analysis result of enzyme 
reaction product 

Figure 6 is a grsq»h showing that tiie fusion enzyme protein GST-JMT uses JA 
and ["C]SAM as the substrate to sqpedfically stimulate tiie methylation reaction, as 
25 idoatified by examinmg a specificity of the reactions of fiision enzyme protein GST- 
JMT separated above witii various compounds. In Figure 6, Can denotes fiie result of 
enzyme reaction only with ["C]SAM without JA as the substrate; SA denotes the 
result of enzyme reaction with saUcylic acid and [»*CriSAM as the substrate; JA 
denotes the result of enzyme reaction with JA and ["C]SAM as the substrate; and BA 
30 denotes tiie result of enzyme reaction with benzoic acid and ["*C]S AM as tiie substrate. 

Figure 7 is a gr^h showing flie result obtained by examining ["C]JAMe 
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prodaction activity using erode protein extract obtained from leaves of transgenic and 
wild type Arabidopsis thaliana. In Figure 7, indicates the crude protein eTCtract from 
transgenic plant and indicates the cmde protein extract fiom wild-type plant. 

Figure 8 shows die structure of recombinant pCaJMT gene constmcted by 

5 inserting JMT gene into expression vector pBI121 for plant transformation, wherein 
CaMV denotes cauliflower mosaic virus (CaMV) 35S promoter. 

Figure 9 is the result obtained from genomic Southern blot analysis for 
determining whether JMT gene is correctly inserted into transgenic Arabidopsis 
thaliana. In Figure 9, lane W is a wild-type Arabidopsis thaliana^ lane T is a 

10 transgenic Arabidopsis thaliana, CaMV is the result using CaMV35S promoter 
sequence as the probe, and AtJMT is the result using JMT gene sequence as the probe. 

Figure 10 is the result obtained fiom Nordiem blot analysis for identifying 
whether transgenic Arabidopsis thaliana over-eiipresses JMT gene (1, 2, 3) and 
expresses plant resistance-related genes induced by jasmonic acid. In Figure 10, lane 

15 W is a wild-type Arabidopsis thaliana, lane T is a transgenic Arabidopsis thaliana, 
AOS indicates the probe gene for allene oxide synthase, DAHP for 3-<leoxy-D- 
arabino-heptulosonate 7-phosphate synthase, JR2 for jasmonate response protein 2, 
JR3 for putadve anunohydrolase, LOXn for lipoxygenase n and VSF for vegetative 
storage protein, eto. 

20 Figure 11 is a photograph showing the res\ilt obtained by inoculating Botrytis 

cinerea as the causative organism of gray mold rot on transgenic and wild-type 
Arabidopsis thaliana, and then examining a resistance of plants against fringal disease, 
whcarein the left one shows the result of wild-type Arabidopsis thaliana and the right 
one shows the result of transgenic Arabidopsis thaliana. 

25 

Besst Mode for Carrying Out the Invention 

Hereinafter, the present invention will be more specifically eaqilained. 

In the preset invCTtion, the term 'jasmonic acid carfooxyl methjdtransferase" 
is used as the generic term referring to ^ enzyme having an activity to synthesize 
30 JAMe by transferring methyl group to JA. In addition, the term "JMT enzyme" refers 
to a novel enzyme protein originated fix>m Arabidopsis, which is first identified in the 
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present invention, as one of said "^jasmonic acid caiboxyl methyltransferase". A gene 
encoding said enzyme protein is designated as 'V/MT gene" herein. 

In Hie preset invention, a novel JMT enzyme gene was isolated from 
Arabidposis and was conlBnned from determination of its base sequence Aat it has 
5 l,170bp nucleotide sequence encoding 389 amino acids. First, c38 clone specifically 
expressed in nectary was screened from cDNA library prepared from flower of 
Chinese cabbage by means of a hybridization method. This gene has only a length of 
416 bp. Therefore, it was found that it is a partial clone of gene specifically expressed 
in nectary but the frmction thereof could not be identified. Thus, a clone similar to 
10 c38 was screwed from cDNA library of Arabidopsis using said c38 clone as probe. 
This clone has a frdl length of 1,476 bp, contains successive 13 adenosines at 3'* 
temunal and a translation start codon AUG at the 15^ base pahr point from 5'-terminal, 
and encodes successively 389 amino acids over 1,167 bp* In view of such structural 
characteristics, it could be noted that this selected cDNA clone is a fiilMength cDNA 
15 clone. This clone was revealed as jasmonic acid carboxyl methyltransferase gene as a 
result of fimctional analysis according to the method described hereinafter, and was 
named pJMT. This clone pJMT was deposited with the Korean Collection for Type 
Cultures on May 29, 2000 under accession mmiber KCTC 0794BP. 

JMT enzyme encoded by said gene has 389 amino acids represented by 
20 Sequence ID No. 3 and a molecular weight of 43,369 Da. 

To examine die activity of said en2yme, NCBI gene database was searched. 
As a result, JMT gene has no similarity to the gene for SAMT (salicyUc acid 
methyltransferase) at a base level whereas JMT enzyme protein shows 43% homology 
with SAMT enzyme at an anuno acid level. However, according to the result of gas 
25 chromatogrsq>hy and mass spectrometry after reaction of SA^ JA or similar benzoic 
acid (BA) and SAM using recombinant enzyme protein, it could be identified that 
JMT enzyme does sub stantially not react with S A and B A but shows a high reactivity 
with JA, and therefore, is an enzyme having different activity from SAMT. In 
addition, according to the result of gas chromatography after reaction of said 
30 recombinant enzyme protein with JA and SAM as the substrate, the resulting material 
was detected after the same retention time (11.7 minutes) as the standard JAMe and 
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also has the molecular wei^t of 224 identical to that of the standani JAMe. 
Therefore, it could be idratified that this JMT enzyme is japonic acid carboxyl 
methyltransferase which synthesize JAMe as one of major flavoring ingredients of 
flowers by using SAM of formula 1 and JA of fomiula 2 as the substrates to transfer 
5 methyl group to JA: 





The activity and gene of such jasmonic acid carboxyl methyltransferase were 
never been disclosed heretofore. 
10 In the present invention, the kinetic parameters of enzyme were investigated 

in order to identify the characteristic features of said novel JMT enzyme. As a result, 
it was determined that K„ is 6.3 fiM, is 84 nmole/min., K^^ is 70 s'\ and K^^/K^ is 
ILl pM/s-*. 

In the iiresent invCTtion, in order to obtain JMT enzyme in a large quantity 
15 JMT enzyme was an^Ufied by polymerase chain reaction using oligonucleotides 
represented by Sequence ID Nos. 4 and 5 as a primer and cDNA clone as a tmiplate. 
The amplified gene was cleaved with restriction enzyme EcoKi and then inserted into 
pGEX-2T as E. coli expression vector treated with the same restriction enzyme. The 
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resulting tecombitiant plasmid pGST-JMT was transformed into E. coli BL21, and 
then resulting transformed strain was incubated to produce Ae recombinant protein in 
a large quantity, wliich was utilized in the subsequent oqieriment 

Further, the present invention provides a transgenic plant transformed with an 

5 expression vector containing jasmonic acid caiboxyl methyltransferase gene. The 
transgenic plant transformed with an expression vector containing jasmonic acid 
cafboxyl methyltransfaiase gene according to the present invention consistently 
overejqpresses a gene for jasmonic acid carboxyl methyltransferase throughout the 
whole plant body to exhibit a strong resistance against damages caused by various 

10 phytopalhogens including viruses, bacteria and fimgi, or insects and fiirther against 
various stresses. 

In general, it has been known that JA and JAMe are the conq>ounds mediating 
the defensive reactions against wound or phytopatiiogenic invasion in plants. The 
plant transformed with a gene for jasmonic acid carboxyl methyltransferase according 

15 to the present invention consistently expresses the resistance-related genes induced by 
treatment witii JA or JAMe, for example, numerous genes including AOS, JR2 
(jasmonate response protein 2), JR3 (putative aminohydrolase), DAHP (3-deoxy-D- 
arabinoheptulosonate 7-phospliate synthase), LOXII, VSPy etc. Therefore, it can be 
noted that the effect of plant transformed with a gene for jasmonic acid carboxyl 

20 methyltransferase is sinular to that obtained from external treatment with JA or JAMe. 

By transforming the plant with an expression vector containing jasmonic acid 
carboxyl methyltransferase gene, the plant body can have a resistance against damages 
caused by phytopathog^os and harmful insects including general fungal diseases, 
bacterial diseases, viral diseases or damages due to harmful insects, inter alia, blast, 

25 bacterial leaf blight, false smut and leafibtopper in rice plant; scab in barley; brown spot 
in maize; mosaic disease in bean plan^ mosaic disease in potato; late blight and 
anthracnose in red p^pei^ soft rot, root-knot disease and cabbage butterfly in Chinese 
cabbage and radish; bacterial blight in sesame; gray mold rot and wilt disease in 
strawberry; Fusarium wilt in watermelon; bacterial wilt iia tomato; powdery mildew 

30 and downy mildew in cucumber; tobacco mosaic in tobacco; Fusarium wilt in tomato; 
root rot in ginseng; angular leaf spot in cotton plant; anthracnose and gray mold rot in 
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&mt trees including apples, pears, peaches, kiwi fruit, grape and citrus; canker in 
apple; witches' broom in jujube tree; powdery mildew and rust in forage crops 
including ryegrass, red clover, orchard grass, alfalfa, etc.; gray mold rot md wilt 
disease in flowering plants including rose, gerbera, carnation, etc.; black spot in rose; 
5 mosaic disease in gladiolus and orchids; stem rot in lily, and the like. 

Since the transgenic plant transformed with a gene for jasmonic acid carboxyl 
methyltransferase does not occur adverse effect on plant growth which may occur in 
mutants having a consistent increase of SA concentration in plant body, i.e. problems 
of dwarfism of plant length and early ageing phenomenon, in applying to economical 
10 crops it is more effective than the use of mutants having an increased SA 
concentration in plant body or transformation with enzyme genes involved in the 
preceding st^s of JA synthrais. 

In addition, in view of the fact that JAMe is widely present m various plants, 
it is considered that JMT gene first cloned according to the present invention will be 
15 widely present in various plants. Therefore, JMT gene and enzyme protein according 
to the present invention can be effectively used in searching similar jasmonic acid 
carboxyl methyltransferase protein and gene encoding tiie same firom various plants 
using JMT gene of the present invention according to the known method. 

Furthermore, it is considered that the resistance of transgenic plant against 
20 damages caused by phytopatiiog^is and harmful insects is derived from the 
stimulation of expression of numerous resistant genes by JAMe, as a mediator of plant 
disease-resistant reactions, which is produced by the activity of jasmonic acid 
caiboxyl methyltransferase, rather than from a gene for jasmonic acid carboxyl 
methyltransferase itself. In view of this, it is determined that as long as the genes 
25 mcode the proteins having such oizymatic activity, as well as the gene according to 
the present invention they can also be utilized in producing transgenic plants having 
an increased resistance and further, provides a similar resistance against various 
damages caused by pathogens and harmful insects by pr^aring the recombinant with 
said genes and thrai transforming tiie plant witii the recombinant, without any 
30 limitation on the kinds of plants. 

The method for producing a transgenic plant transformed with said gene for 
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jasmonic acid carboxyl methyltransferase can be practiced according to the known 
method. Specifically, the recombinant plasmid expressing a gene for jasmonic acid 
carboxyl methyltransferase can be constructed using the known vector for plant 
expression as the basic vector. For this purpose, conventional binary vector, co- 

5 integration vector or a common vector designed so as be expressed in plant but not 
containing T-DNA portion can be used. 

Among them, as the binary vector is a vector containing left border and right 
border in a size of about 250 bp, which are involved in the infection of foreign gene, 
in T-DNA for transformation of plant, and a promoter portion and polyadenylation 
10 signal portion for eaqxression in tiie plant body thereui can be used. Preferably, said 
binary vector additionally contains a selection maiker gme such as kanamycin- 
resistant gene. As the maiker g^ for selection of transgenic plant heibicide-resistant 
genes, metabolism-related genes, luminescence genes (luciferase), genes related to 
physical properties, GUS (^-glucuronidase) or GLA (p-galactosidase) genes, etc. can 

15 also be used in addition to antibiotic-resistant genes as motioned above. 

According the preferred embodiment of the present invention, a vector for 
plant transformation pCaJMT is constructed and iised by inserting JMT gene into 
Smal site of pBI121 vector having kanamycin-resistant selection gene and cauliflower 
mosaic virus (CaMV) 35S promoter. 

20 Li case of using binaiy vector or co-integration vector, Agrobacterium strains 

{Agmbacteritm-mediatGd transformation) can be used as the microorganism strain for 
plant transformation into which said recombinant vector is introduced, and include, 
for example, Agrobacterium tumefaciens ox Agrobacterium rhizogenes. 

Alternatively, when vectors not containing T-DNA portion are used, 

25 electroporation, micropaiticle bombardment, polyethylene glycol-mediated intake, eto. 
can be used in introducing Hie recombinant plasmid into plants. 

In one eaibodamsxA of the present invention, recombinant plasmid pCaJMT 
wherein JhfT gene was inserted into SmcH site of pBI121 vector having kanamycin- 
resistant selection gene and CaMV35S promoter was transformed into Agrobacterium 

30 C58C1 according to floral dip transformation. Thereafter, flie flower stalk was 
immersed in said culture solution for transformation, placed ovemig^ht in the shade 
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and then incubated The seeds were collected therefrom and screwed to select the 
resistant transformants, which were then transplanted to a soD, thereby obtaining the 
second-generation seeds. The obtained seeds wctc again screened to select the 
second-generation seeds, which do not produce kanamycin sensitive individuals, 

5 which were used in the experiment. 

First, in order to identify whetiier the foreign recombinant gene is correctly 
inserted, tiie genomic Southern blot analysis was conducted using JMT gene as the 
piobe. As the result ttiereot one gene having a length of about 6.5 kbp, which is 
originally in:esent in Arabidopsis was identified in the wild type plant whereas two 

10 DNA sections having length of about 2.0 kbp and 0.7 kbp were further observed in the 
transformants. It could be seen that these DNA sections are originated from JMT gene 
used for transformation (HindUI sites are present on the upstream of promoter and the 
downstream of protein-coding site). They were again hybridized with CaMV3SS 
promoter site present only in recombinant gene as the probe. As a result, it could be 

15 identified that only the transformant contains the gene sequence having a length of 
about 2.0 kbp as expected, and thus, one recombinant gene was stably inserted into the 
transformant. 

Further, whether transg^c Arabidopsis overexpresses JMT gene or not was 
identified by means of Northern blot analysis. As a result, it was identified that only 

20 the transformant e3q>resses JMT gene and particularly, consistently expresses 
numerous genes including resistance-related AOS, JR2, LOXII, VSP, etc., which are 
induced when the plant is externally treated with JA or JAMe. This suggests that the 
effect induced by the expressicm of JMT gene transformed into the plant is similar to 
that induced by the external treatment with JA or JAMe. 

25 According to anotfao: CTabodimrat of the present invmtion, the causative 

pathogen of gray mold rot was inoculated on said transgenic plant As a result, it has 
been confirmed that about 48 hours after spray inoculatiGn the wild-type plant 
completely died whereas the transformant did substantially not occur any change. 
Howevn, in case of the pathogens belongmg to Phytium genus, it has been reported 

3D that the treatment with JA even at tiie level of 130 yM has no effect on the growth of 
pathogen (Vijayan et al, Proc. Natl. Acad Sci. 95:7209-7214, 1998). Therefore, it 
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can be seen that a theory by which JMT grae transfonnant exhibits a resistance 
against pathogen is that JAMe produced by JMT enzyme induces the expression of 
various resistance-related genes, rather than that JAMe synthesized in the plant body 
directly inhibits the growfli of pathogras. Thus, the fact that the transgraic plant 
5 transformed with JMT gene occurs a consistent expression of various protection- 
related genes by JAMe suggests that JMT gene can be utilized in providing a broad 
spectrum resistance against phytopathogens, harmful insects and stress for the plant 
body. 

In another embodiment of the present invention, said transgenic Arabidopsis 
10 transformed with JMT CTdiibited a consistent resistance when it is treated with 
bacterial phytopathogens, viruses and harmfiil insects. 

According to fiuther embodiment of the present invention, various plants 
including rice plant, tobacco, potato, citrus, watermelon, cucumber, etc. was 
transformed using recombinant JMT gene and then treated with various 
15 phytopathogens including causative organisms of blast, tobacco mosaic virus (TMV), 
late blight of potato, gray mold rot in citrus, Fusarium wilt in watermelon, downy 
mildew in cucumber, etc., and harmfiil insects. However, all of transgenic plants 
transformed with recombinant JMT gene consistently exhibited a resistance. 

In another embodiment according to the present invention, said transgenic 
20 Arabidopsis transformed with JMT gene was examined for its drought resistance, salt 
resistance and cold resistance. As a result tiiereoi^ it has been found that transgenic 
plant consistently exhibited a significant resistance in comparison to the non- 
transformed wild type of plant. Therefore, it can be seen that the transgenic plant 
transformed with a gene for jasmonic acid carboxyl methyltransferase exhibits a 
25 resistance against various stresses including low temperature, vrater deficiency, high 
salt concentration, etc. as well as a resistance against various damages caused by 
phytopathogens and harmfiil insects. 

Further, the plants transformed with JMT gene do not occur a significant 
difference firom the non-transformed wild type of plants in view of their general 
30 growth properties. 

Hereinafter, the present invention wiU be described in detail with reference to 
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the examples. It will be apparent to a person skilled in fte relevant technical field that 
the following examples illustrate the teachings of the present invention and are not 
intended as limiting the scope of the invention. 

5 Example 1* Cloning of jasmonic acid carboxyl methyltransferase gene pJMT in 
Arabidopsis 

The seeds of Arabidopsis thaliana ecotype Col-O to be used in the experiment 
were cultivated in a greenhouse, and then various tissues were collected, rapidly 
refrigerated in liquid nitrogen and then stored at -70®C until they are used. 

10 in order to isolate a gene specifically expressed in flower of the plant, a 

cDNA library was prepared fixim flower of Chinese cabbage using plasmid pUC18 
(Pharmacia, Sweden) according to the known method (Choi et al.^ J. Korean Agri. 
Chem. Sac, 36:315-319, 1993). Then, a total RNA was extracted from respective 
flowers and leaves according to the method described by Chomczynski et aL (1987) 

15 and then poly(A)^ RNA was separated usmg oligo(dT) column chromatography from 
which the first cDNA probe was synthesized by RT-PCR (reverse transcriptase — 
polymerase chain reaction). By means of a differential hybridization using [^^P]- 
labeled cDNA probes prepared from flowers and leaved, respectively, clone c38 
which is specifically expressed only in flowers was screened fix>m the cDNA library 

20 of Chinese cabbage flowers. However, since this g^e has oidy a length of 416 bp, it 
was found that it is a partial clone of gene specifically e?q>ressed in flowers of Chinese 
cabbage but the fimction thereof could not be identified. 

To study the characteristic features of said gene analogous genes were 
screened in Arabidopsis using c38 clone as die probe. Clone pJMT obtained by 

25 screening cDNA Ubrary of Arabidopsis has the amino acid sequence represented by 
Sequence ID No. 2 having a friU length of 1,476 bp, and contains successive 13 
adenosines at 3'-terminal and a translation start codon AUG at tibe 15^ base pair point 
from S'-temiinal. Further, it encodes successively 389 amino acids (molecular wdght 
43,369) represented by Sequence ID No. 3 over 1,167 bp from said translation start 

30 codon. In view of such structural characteristics, it could be noted diat this selected 
cDNA clone is a fiiU-length cDNA clone. This clone was revealed as jasmonic acid 
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caiboxyl methyltransferase gene as a result of functional analysis according to the 
method described hereinafter, and was named pJMT of which the stracture is depicted 
in Figure L This clone pJMT was deposited in the Korean Collection for Type 
Cultures on May 29, 2000 under accession number KCTC 0794BR 
5 To examine tite activity of said enzyme, NCBI (National Center for 

Biolnfonnation) gene database was searched As a result, JMT gene has no similarity 
to the gene for SAMT gene product under Accession number AF 133052 (Ross et al, 
1999) at a base level but shows 43% homology with SAMT enzyme at an anwno acid 
level (see Figure 2). 

10 

Example 2. Constraction of recombinaiit JJIfTgene and lai^e-scale expression in 
Escherichia cott 

Jn order to clarify the function of pJMT clone produced in Exanqile 1, the 
coding site of tibis clone was recombined wife E, coli expression vector to induce a 
15 large-scale expression thereof in E. colU As the primers for amplification of JMT 
gene, nucleotide sequences represented by Sequence ID No. 4 and Sequence ID No. 5 
were used as the primers for PGR reaction in in-sense and anti-sense directions, 
respectively. 

The conditions for PGR reaction are as follows: The gene was placed in a 
20 buffer solution containing 10 mM Tris (pH 8.3), 50 mM potassium chloride, 0.8 mM 
magnesium chloride for 2 minutes at 94**C, and then repeatedly subjected 30 times to a 
reaction cycle consisting of one minute at 94*^0 (denaturation); 1.5 n^nute at 56°C 
(annealing); and 2.5 minute at 72^*0 (extension) and further reacted for 10 minutes at 
72**C at the final step (SMh Themial Cycla: 480, Perkin Ehner). The resulting PGR 
25 product was electrophoresed on 2% agarose gel, isolated using Geneclean kit (BioRad, 
USA), and then cleaved witii restriction enzyme EccfBl and inserted into E. coli 
expression vector pGEX-2T (Pharmacia, Sweden), which was previously cleaved with 
the same restriction enzyme (see Figure 3), Tte recombinant expression vector 
pGST-JMT tims produced produces a fusion protein formed by combining the amino 
30 terminal of JMT gene witii tiie caiboxyl terminal of GST (^utalhione 5-transferase) 
under control of tac promoter. E. coli BL21 was transformed with the recombinant 
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plasmid prepared above, and then incubated and treated with 0.5 mM isopropyl-P-D- 
tibiogalactoside to induce the expression. The recombinant protem was isolated in a 
purified state by glutathione agarose chromatography and Superdex 200 column 
chromatography and then analyzed for its purity by SDS-electrophoresis (see Figure 
5 4). As a result, it could be identified that the recombinant protein GST-JMT having 
the expected size (molecular weight 67,000) was isolated in a purified state. 

Example 3. Assay for enzsrme activity of recombinant JMT protein 

The recombinant enzyme protein as isolated in a purified state by Example 2 

10 was reacted with JA and SAM as the substrate and then subjected to gas 
chromatography and mass spectroscopy to identify the synthesis of JAMe. 

In the test tube, 1 mM JA and 1 mM SAM were introduced in the presence of 
100 mM potassium chloride, mixed with 10 pmole of the recombinant enzyme protein 
isolated in a purified state to make 100 pi of a total volume of the reaction solution, 

15 and then reacted together for 30 minutes at 20*^. The reaction product was extracted 
with e&y} acetate and then 3 (il of the ethyl acetate concentrate was analyzed by gas 
chromatography. As a result, the reaction product was detected afier the same 
retmtion time (1L7 minutes) as the standard JAMe and has the molecular weight of 
224 as like as the standard JAMe (see Figure 5). From the above result, it could be 

20 confirmed that cDNA clone pJMT is a gene for JMT enzyme. 

Alternatively, when the activity for the enzyme reaction using JA and 
['"^CISAM as the substrate is defined to be 100% as shown in Figure 6, the reaction 
using SA or similar benzoic acid (BA) instead of JA as the substrate was substantially 
not proceeded. Therefore, it could be determined that JMT enzyme protein as isolated 

25 in a purified state is specifically reacted witii J A. 

Further, the cmde protein extract was reacted with 6.4 mM [^^C]SAM and 1 
mM JA as the substrate in the presence of 100 mM potassium chloride for 30 minutes 
at 20®C and then analyzed for the [^^C]JAMe production activity. The result thus 
obtained is depicted in Figure 7. As can be seen firom Figure 7, the ['^C]JAMe 

30 production activity in the onde extract of transgenic Arahidopsis amounts iqp to 2 
times the activity fiom the wide-type plant 
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Example 4. Enzymatic characterizatioii of recombinant JMT protein 

Using SAM and JA as the substrate, liie relationship between the substrate 
concentration and the reaction kinetics was examined. From this, and 
K^ai/Bsn were obtained by Lineweaver-Burk plot and the result is listed in the following 
5 Table L 



Table L Kinetic parameter of jasmonic acid carboxyl methyltransferase 



Substrate 




V„(iunole/min) 


K...(s-') 




SAM 


63 


84 


70 


11.1 


(±)JA 


38.5 


30 


15 


0.4 



10 Example 5. Production of transgenic plant using JMT gene 

To transplant JMT geme into the plant JMT gene was recombined to a vector 
for plant transformation. The recombinant plasmid pCaJMT was constructed by 
deleting GUS gene from pBI121 vector (ClonTech, USA) having kanamycin-resistant 
selection gene and CaMV35S promoter as the basic promoter and then inserting JMT 

15 gene cleaved with Afini into Smal site of pBI121 vector (see Figure 8). The obtained 
recombinant plasmid was introduced into Agfrobacteritan C58C1 (Koncz and Schell, 
Mol Gen. Genet. 204:383-39j65 1986) using fre^se-thaw method (Holster M. et al.^ 
MoL Gen. Genet. 163:181-187, 1978). 

First, Agrobacterium strain was mcubated in 5 ml of YEP (yeast extract- 

20 pq>tone) medium for 24 hours at 28^ and then centnfuged with 5,000 ipm for 5 
minutes at 4''C. The bacterial pellets ttms obtained were resuspended in 1 ml of 20 
mM potassium chloride solution and about 1 \ig of vector DKA prepared above was 
introduced tfamin. The mixture was treated with hquid nitrogen for 5 minutes and for 
anotiier 5 minutes at 37'*C and then 1 ml of YEP medium was added thereto. The 

25 bacterial strain was incubated for 2-4 hours at 28**C, collected and tiien incubated in 
YEP medium containing gentamycin (25 \ig/M) and kanamycin (50 [ig/ml) for 2 to 3 
da}^ at 28X to select only die strain transformed with pCaJMT. 
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The selected strain was transfonned into Arabidopsis. The production of 
transgenic plant was conducted using the known Agrvbacteriwn-me&ated floral dip 
method (Clough and Bent, Plant J. 16:735-743, 1998). Agrobacterium was incubated 
overnight in YEP medium containing antibiotics, centrifuged and then suspended in 
5 MS medium supplemented with 0.05% Silwet L-77 (Lehle Seeds, USA) to OD^oo = 
0.8. To this suspension was immersed upside down the flower stalk of Arabidopsis 
which begins to come out flowers for 15 minutes, which was then allowed to stand in 
cool shade overnight after removing water. On the next day, the plant was transferred 
to incubation chamber and then incubated to obtain the seed. The seed was 

10 germinated again in kanamycin medium and screened to obtain the tranformant 
showing kanamycin resistance, which was then transplanted to soil to obtain the 
second-generation seed. The obtained seeds were again screened in kanamycin 
medium to select the second^generation seeds, which do not produce kanamycin 
sensitive mdividuals, as the pure diploid, vAmh was used in the subsequent 

15 experimoit 

In order to idratify whether the recombinant gene is correctly inserted, the 
genomic Southern blot analysis was conducted. First, genomic DNAs were isolated 
from transgenic and wild type plants, cleaved wife restriction enzyme Hindm and 
dien electrophoresed on 0.8% agarose gel. The gel was stamped on the filter, which 

20 was then hybridized with JMT gene as the probe and sensitized on X-ray film. As a 
result, one gene having a length of about 6.5kbp, which was originally present in 
Arabidopsis was identified in the wild type plant whereas one gene comprising about 
2.0kbp and O.Tkbp sections were fiulher observed in addition to the original gene in 
the transformants (HindSJl sites are present on the iq>stream of promoter and the 

25 downstream of protein-coding site). The same film was washed, hybridized with 
CaMV promoter site present only in recombinant gene as the probe and then 
sensitized on X-ray fihn. As a result, since only the transformant showed the gene site 
having a length of about 2.0 kbp, it could be identified fliat one recombinant gene was 
stably inserted into the transformant 

30 
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Example 6. Identificatton of expression of JMT gene in transgenic plant 

In order to identify v^ether transgenic Arabidopsis over-e?q>resses JMT gene 
or not Northern blot analysis was conducted. 

First, leaf tissues of transgenic Arabidopsis fix)m which JMT gene was 

5 detected was treated with a single-step KNA isolation method (Chomczynski, 
Analytical Biochemistry 62:156-159, 1987) to isolate a total RNA. Specifically, 2-5 g 
of Arabidopsis leaf tissues was ground in liquid nitrogen to a fine powder, and then 
vigorously shaken with 10 ml of TRI-reagent (Sigma, U.S.A.) for 10 seconds and 
allowed to stand on ice for 15 minutes. Then, 2 ml of chloroform was added and well 

10 mixed together. The mixture was allowed to stand for 15 minutes at room temperature 
and centriiuged at 4^C, 3000 ipm for 20 minutes. The supernatant was collected and 
10 ml of isopropyl alcohol was added thereto. The mixture was allowed to precipitate 
for 10 minutes at room traoperature and Hassa again centrifiiged with 10,000Xg for 20 
minutes. After centrifiigation, the siq>ematant was discarded to separate the 

15 precipitated RNA, which was then washed with 75% eifaanol, dissolved in DEPC- 
treated distilled water, quantitatively analyzed by measuring &e optical density of 
OD260 and ODjgo and then stored at -70^C until it is used. 

30 Jig of a total RNA isolated as above was concentrated to the final volume 
of 4.5 ^1 and theai was adjusted to a total volume of 20 pi by adding lOx MOPS [0.2 

20 M 3-(N-morpholino)propanesulfonic acid (pH 7.0), 50 mM sodium acetate, lOmM 
EDTA (pH 8.0)], formamide and formaldehyde in the ratio of 1:1.8:5. The resulting 
mixture was heat-treated for 15 minutes at 65*'C to loose the secondary structure, well 
mixed with 2 of formamide gel-loading buffer solution (50% glycerol, 1 mM EDTA 
8.), 0.25% bromophenol blue, 0.25% xyl»e cyanol FF) and then slowly 

25 electrophoresed on 1 .5% agarose gel containing formaldehyde (2.2 M) in the ratio of 4 
V/cnu 

The developed RNA was immersed in DEPC-tieated water for about one hour 
to lemove formaldehyde and then transfared to nylon mCTibrane (Hyfoond-N, 
Amersham) by a capillary transfer method over 16 hours or more and fixed with UV 
30 radiation (254 mn, 0.18 J/Sq cm^ to be used for hybridization. JMT gene was labeled 
with [a-^]dCTP using a random primer labeling kit (Boehringer Maxiheim) and used 
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as the probe for hybridization. The prehybridization sohition (5x SCC, 5x Denhardt's 
reagent, 0.1% SDS, 100 \ig/xnl denatured salmon spenn DNA) was added to nylon 
membrane to which RNA is completely combined, and allowed to stand in an oven for 
hybridization for 2 hours at eS^'C. Then, the labeled probe was denatured for 5 
5 minutes in boiling water, added to prehybridization solution and th^ allowed to react 
for 18 hours. On the next day, nylon membrane was rinsed in 2x SCC, 0.1% SDS for 
10 minutes at room temperature, rinsed again in 0.2x SCC, 0.1% SDS for 20 minutes 
and then washed at elevated temperature of 6S^C while measuring the signal with 
Geiger coimter. After washing is conq>leted, nylon mCTibrane was covered with wrap, 

10 overlaid with X-ray film and then sensitized at -70^C. 

As a result, as can be seen £rom Figure 10, it was identified that transgenic 
Arbidopsis over-expresses JAfTgene. As can be seen firom genome blot in Example 5, 
although Arabidopsis naturally contains JMT gene, such gene is specifically expressed 
only in flowers but not in leaves as indicated by Northern blot analysis. However, the 

15 transplanted foreign recombinant JMT gene was uniformly expressed throughout the 
whole plant body by recombining the gene with CaMV3SS promoter. 

Further, the expression of genes inchiding AOS, JR2, JR3, DAMP, LOXTl VSP, 
etc., which are induced when the plant is externally treated with JA or JAMe was also 
examined. As a result, it could be identified that such genes are consistently 

20 expressed in the transgenic plants transformed with JMT gene (see Figure 10). This 
suggests that the expression effect induced by JMT gene as transplanted into the plant 
is similar to that induced by the external treatment with JA or JAMe. 

Example 7. Identification of resistance of transgenic plant against fimgal diseases 
25 The transgenic Arabidopsis transformed with JMT gene was inoculated with 

the causative pathogen of gray mold rot (Botrytis cinered) to investigate the effect of 
JMT gene on the resistance against fimgal pa&ogens in the plant body. Each of the 
transgenic and wild type Arabidopsis was cultivated for 7 weeks and then spray- 
inoculated on tfadx leaves with the spores of pathogCTic fimgi at the concentration of 
30 lOVml. As a result, it has been confirmed that afiser about 48 hours the w^ 

conQ>l6toly'died whereas the transgenic plant did substantially not occur any change 
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(see Figure 11). In case of die pathogens belonging to Phytium genus, it has been 
reported that the treatment with jasmonic acid even at the level of 130 ^M has no 
effect on the growth of pathogen (Vijayan et al.^ Proc. Natl Acad, Sci. 95:7209-7214, 
1998). This finding suggests that flie reason why the transgenic plant transformed 
5 with JMT gene exhibits a resistance against pathogen is that the transgenic plant 
consistently expresses various resistance-related genes as induced by JA and JAMe, 
rather than that JAMe synthesized in flie plant body directly inhibits the growth of 
pathogens. Howcvct, the transgenic plant does not occur a significant difference fi:om 
the non-transformed wild-type plant in view of their general growth properties. 

10 

Example 8. Investigation of resistance of transgenic plant against bacterial 
diseases 

The transgenic Arabidopsis transformed with JMT gene was inoculated with 
the causative pathogen of bact^al black spot (Pseudomonas syringae pv tomato 

15 CD3000) to investigate the efiBect of JMT gene on the resistance against bacterial 
pathogens in the plant body. Each of the transgenic and wild type Arabidopsis was 
cultivated for 7 wedcs and then spray-inoculated on their leaves with cells of 
Pseudomonas syringae pv tomato CD3000 at the concentration of lOVml. As a result, 
it has been confirmed that after 3 days the wild-type plant occurred transparent yellow 

20 lesion starting fifom the edge of leaves whereas the transgenic plant, which 
consistently e:qn:esses JMT gene occurred merely a slight lesion on the edge of leaves 
(see Table 2). This finding suggests that the transgenic plant transformed with JMT 
gene has a resistance against bactmal padiogen. 

25 Table 2. Resistance of transgCTic Arabidopsis transformed with JMT 

against bacterial diseases 





Numbo: of plants 


% Area of lesion 


Non-transgenic 


10 


60 


(wild-type) 






Transgenic 


10 


5 


(JMT) 
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Example 9. Investigation of resistance of transgenic plant against viral diseases 

The transgCTic Arabidopsis transformed with JMT gene was inoculated with 
BCTV (beet curly top virus) to investigate the effect of JMT gene on the resistance 
against viral diseases in the plant body. Each of transgenic and wild type Arabidopsis 

5 was cidtivated for 4 weeks and then inoculated on their leaves with Agmbacterium 
transformed with BCTV clone by means of a syringe. As a result, it has been 
confirmed that after 4 weeks the wild-type plant began to occur the curling 
phenomenon on leaves whereas the transgenic plant, which consistently expresses 
JMT gene did not occur any significant change (see Table 3). This finding suggests 

10 that the transgenic plant transformed with JMT gene has a resistance against viral 
diseases. 



Table 3. Resistance of transgenic Arabidopsis transformed, with JMT 

against viral diseases 

15 





Number of plants 


Number of curled 
leaves 


Curled area of 
leaves (%) 


Non-transgenic 
(wild-type) 


10 


47 


60 


Tmasgenic 
(JMT) 


10 


4 


5 



Example 10. Investigation of resistance of transgenic plant against harmful 
insects 

The transgenic Arabidopsis transformed with JMT gene was inoculated with 
20 20 dark winged fungus gnats in a reticular chamber to investigate the effect of JMT 
gene on the resistance against harmful insects in the plant body. Each of the 
transgenic and wild type Arabidopsis was cultivated for 6 weeks and then inoculated 
in a reticular chamber with 20 dark winged fungi gnats. As a result, it has been 
confirmed that after 4 weeks insects ate most leaves of tiie wild-type plant whereas the 
25 transgenic plant, which consistently expresses JMT gene did not occur any significant 
damage (see Table 4). This finding suggests that the transgenic plant transformed 
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with JSlfT gene has a resistance against harmful insects. 



Table 4. Resistance of transgenic Arabidopsis transformed with JMT 

against hamifiil insects 

5 





Number of plants 


Eaten area of leaves 

(%) 


Survival rate 
(%) 


Non-transgenic 
(wild-type) 


10 


80 


40 


Tmasgenic 
(JMT) 


10 


5 


100 



Example 11. Investigatioii of resistance of transgenic lice plant against blast 

The transgenic rice plant transformed with JMT gene was inoculated with the 
causative organism of blast disease {Magnaporthe grisea) to investigate the effect of 

10 JMT gene on the resistance against the pathogens in tihie plant body. Each of 
transgenic and wild-type rice plants was cultivated for 10 weeks and then spray- 
inoculated with the spores of Magnaporthe grisea at die concentration of lOVml, 
placed overnight xmder relative humidity of 100% at 2S''C and then cultivated in a 
plant incubator. As a result, it has been confirmed that after 5 days the wild-^e plant 

15 occurred 5-10 brown spots on every leaf and therefore, its lesion area was calculated 
as about 80% whereas the transgenic plant which consistently expresses JMT gene 
occurred only less than 2 spots (see Table S). This finding suggests that the transgenic 
rice plant transformed with JMT gene has a resistance against blast diseases. 

20 Table 5 . Resistance of transgenic rice plant transformed witii JMT 

against blast diseases 





Number of 
plants 


Numbeiyarea of lesions 
(number/%) 


Average number/area of 
lesions (number/%/plant) 


Non-transgenic 
(wild-type) 


10 


579/80 


57.9/80 


Tmasgenic 
(JMn 


10 


37/5 


3.7/5 
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Example 12. Invest^atton of resistance of transgenic tobacco plant against 
mosaic disease 

The transgenic tobacco plant transformed with JMT gene was inoculated with 
tobacco mosaic virus (TMV) to investigate the effect of JMT gene on the resistance 
5 against viral pathogens in the plant body. Each of the transgenic and wild type 
tobacco plants was cultivated for 10 weeks and then inoculated on their leaves witib 
TMV together with carborundimi. As a result, it has been confirmed that after one 
week the wild type plant occurred 50-100 brown spots on every leaf whereas the 
transgenic plant which consistently expresses JMT gene occuired only less than 10 
10 slight spots (see Table 6). This finding suggests that the transgenic tobacco plant 
transformed with JMT gene has a resistance against viral diseases. 



Table 6. Resistance of transgenic tobacco plant transformed with JMT 
against tobacco mosaic virus 

15 





Number of 
plants 


Number of lesions 


Average number of lesions 
per leaf (number/leaf ) 


Non-transgenic 
(wild-type) 


5 


387 


77.4 


Tmasgenic 
(JMT) 


5 


61 


6.1 



Example 13. Investigation of resistance of transgenic potato plant against 
Pkytophthora infestans 

The transgenic potato plant transformed with JMT gene was inoculated with 

20 the causative organism of late bUght (Phytophthora infestans) to investi^te the effect 
of JMT gene on the resistance against fungal pathogens in potato plant Each of 
transgenic and wild type potato plants was cultivated for 12 weeks and tiien spray- 
inoculated with Hie spores of Phytophthora ibfestcms at the concentration of lOVml. 
As a result, it has been confirmed that after one week the wild-type plant occurred 50- 

25 100 brown spots on every leaf ^ereas the transgenic plant which consistently 
expresses JMT geae occurred only less than 10 spots (see Table 7). This finding 
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suggests that the transgenic plant transfonned with JNfT gme has a resistance against 
late blight in potato. 



Table 7. Resistance of transgenic potato plant transfonned with JMT 
5 against late blight 





Number of 
plants 


Number/area of lesions 
(number/%) 


Average number/area of 
lesions (number/%/plant) 


Non-transgenic 
(wild-type) 


10 


464/70 


46.4/70 


Transgenic 
(JMT) 


10 


58/10 


5.8/10 



Example 14. Investigation of resistance of transgenic citrus plant against gray 
moid rot 

10 The transgenic citrus plant transformed with JMT gene was inoculated with 

the causative organism of gray mold rot (Botrytis cinered) to investigate the effect 
of JMT gene on the resistance against fungal pathogens in citms plant. Each fruit of 
transgenic and wild type citrus plants was spray-inoculated with the spores of 
Botrytis cinerea at the concentration of lOVml. As a result, it has been confirmed 

15 that after one wedc the fruit surface of die wild-type plant was substantially covered 
with gray mold whereas the fruit of flie transgenic plant which consistently 
expresses JMT gene occurred infrequently one or two small fim^ colonies on its 
surface (see Table 8). This jBnding suggests that the transg^c citrus plant 
transformed with JAiT gene has a resistance against the causative organism of gray 

20 mold rot. 

Table 8. Resistance of transgenic citrus plant transformed with JMT 

against gray mold rot 
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Number of 
inoculated fruits 


Number of 
lesions 


Average number/area of 
lesions (number/%/ftiiit) 


Non-transgenic 
(wild-type) 


10 


87 


8.7/10 


Tmasgemc 
(JMT) 


10 


34 


3.4/10 



Example 15. Investigation of resistance of transgenic watermelon against 
FasarUm wilt 

The transgenic watermelon transformed with JMT gene was inoculated with 
5 the causative organism of Fusarium wilt {Fusarium oxyspomm) to investigate the 
effect of JMT gene on the resistance against the causative pathogen of Fusarium wilt 
in the plant body. The spores of Fuscaium oxysporum were suspended at the 
concentration of 10^/ml and mixed with a soil, and then the seedlings of watermelon 
plant were transplanted to the soil. As a result, it has been observed that after 3 weeks 
10 the wild-type plant happened the splitting of stem and the decay of root whereas the 
transgenic plant that consistently expresses JMT gene occurred few lesions but 
appeared to be relatively normal (see Table 9). This finding suggests that the 
transgenic plant transformed with JMT gene has a resistance against Fusarium wilt in 
watermelon. 

15 

Table 9. Resistance of transgenic watermelon transformed ^HaJMT 

against Fusarium wilt 





Number of inoculated 
plants 


Number of infected 
plants 


Lethality 
(%) 


NoDrtraiisgenic 
(wild-type) 


10 


8 


70 


Ttnasgenic 
(JMT) 


10 


1 


10 
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Example 16. Investigation of resistance of transgenic cucuniber against downy 
mildew 

The transgenic cucumber plant transformed with JMI gene was inoculated 
with the causative organism of downy mildew {Pseudoperonospora cubensis) to 

5 investigate the effect of JMT gene on the resistance against causative pathogen of 
downy mildew in the plant body Each of transgenic and wild-type cucumber plants 
was cultivated for 10 weeks and then inoculated with Pseudoperonospora cubensis by 
dividing leaves of cucumber infected with downy mildew into two and then applying 
them in die ratio of 1/2 leaf per one leaf of transgenic plant As a result, it has been 

10 observed that after 2 weeks the wild-type plant occurred happened yellowish-brown 
spots starting fcom the edge of leaves and began to dry whereas the transgenic plant 
that consistently esqiresses JMT gene occurred only a slight spot (see Table 10). This 
finding suggests that the transgenic cucumber plant transformed with JMT gene has a 
resistance against downy mildew. 

15 

Table 10. Resistance of transgenic cucumber transformed with JMT 

against downy xxuldew 





Nxraiber of inoculated 
leaves 


Number of infected 
leaves 


Average area of 
lesions (%) 


Non-transgenic 
(wild-type) 


10 


8 


50 


Tmasgenic 
(JMT) 


10 


4 


10 



20 Example 17. Investigatioii of drought resistance of transgenic Arabidopsis plant 

The transgenic Arabidopsis plant ttansfonned wifli JMT gene was 
investigated for the effect of JMT gene on a drou^t resistance of flie plant body by 
stopping water siqjply for 2 weeks. Each of transgenic and wild type Arabidopsis 
plants was cultivated for 6 weeks and then water si^ly was stopped for 2 weeks. As 

25 a result, it has been observed diat even though water stqpply was reopened, most of the 
wild-type plants has &ded and died out whereas the transgenic plant fliat consistoatly 
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expresses JMT gme exhibited a survival rate of about 65% (see Table 11). This 
finding suggests that the transgCTic plant transformed with JMT gene has a resistance 
against water stress. 



5 Table 1 1 . Drought resistance of transgenic Arabidopsis plant transformed with JMT 





Number of plants 


Number of 
survival plants 


Survival rate 

(%) 


Non*trans genie 
(wild-type) 


20 


3 


15 


Tmasgenic 
(JMT) 


20 


13 


65 



Example 18. Investigation of salt resistance of transgenic Arabidopsis plant 

The transgenic Arabidopsis plant transformed with JMT gene was 

10 investigated for Ihe effect of JMT gene on a salt resistance of the plant body by 
cultivating the plant at a high salt concentration. Each of transgenic and wild type 
Arabidopsis plants was germinated ia MS medium supplemented with 300 mM salt 
As a result, it has been observed that after one week the wild-type plant was 
substantially not germinated whereas the transgenic plant that consistently expresses 

15 JMT gene exhibited a germination rate of about 82% (see Table 12). This finding 
suggests lliat the transgenic plant transformed with JMT gene has a resistance against 
salt stress. 



Table 12. Salt resistance of transgenic Arabidopsis plant transformed with JMT 





Number of plants 


Number of 
Germinated plants 


Germination rate 

(%) 


Non-transgenic 
(wild-type) 


100 


8 


8 


Tmasgenic 
(JMT) 


100 


82 


82 
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Example 19. Investi^atioii of cold resistance f transgenic Arabidopsis plant 

The transgenic Arabidopsis plant transfonned with JMT gene was 
investigated for flie effect of JMT gene on a cold resistance of Hie plant body by 
cultivating the plant at low temperature. Transgenic and wild type Arabidopsis plants 

5 were placed in a refrigerator at 4*'C for one week and then analj^ed for their survival 
rate after one week at 23''C. As a result, it has hcGn observed that most of the wild- 
type plants could not recover and has faded and died out whereas the transgenic plant 
which consistently expresses JMT gene exhibited a survival rate of abont 70% and 
grew relatively in a healthy state (see Table 13). This finding suggests &at the 

10 transgenic plant transfonned with JMT gene has a resistance against temperature 
stress of the plant body. 



Table 13. Cold resistance of transgenic Arabidopsis plant transformed with JMT 





Number of treated 
plants 


Number of 
survival plants 


Survival rate 

(%) 


Non-transgenic 
(wild-type) 


10 


1 


10 


Tmasgenic 
(JMT) 


10 


7 


70 



15 



Tndngtrial Applicability 

A gene for jasmonic acid carbox;^ melhyltransf^^ase of the present invention 
is a novel gene specifically expressed only in flowers of plants. By transforming the 
plant with an expression vector for plant transformation containing said gene, a 

20 transgenic plant which does not occur adverse effect on g^eral growth properties of 
the plant and can effectively exhibit a high resistance against general fimgal diseases, 
bacterial diseases, viral diseases or damages due to harmful insects, inter alia^ blast, 
bacterial leaf bli^t, felse smut and leafhopper in rice plant; scab in barle>^ brown spot 
in maize; mosaic disease in bean plant, mosaic disease in potato; late blight and 

25 antbracnose in red pepper, soft rot, root-knot disease and cabbage butterfly in Chinese 
cabbage and radish; bacterial bUght in sesame; gray mold rot and wilt disease in 
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Strawberry; Fusarium wilt in watennelon; bacterial wilt in tomato; powdery mildew 
and downy nuldew in cucmnber; tobacco mosaic in tobacco; Fusarium wilt in tomato; 
root rot in ginseng; angular leaf spot in cotton plant; anthracnose and gray mold rot in 
firuit trees including apples, pears, peaches, kiwi fruit, grape and citrus; canker in 
5 apple; witches' broom in jujube tree; powdery mildew and rust in forage crops 
including ryegrass, red clover, orchard grass, alfalfa, etc.; gray mold rot and wilt 
disease in flowering plants including rose, gerbera, carnation, etc.; black spot in rose; 
mosaic disease in gladiolus and orchids; stem rot in lily, and the like can be obtained. 
Said transgenic plant also exhibits a high resistance against varions stresses including 

10 low temperature, water deficiency, high salt concentration, etc. Thus, since the 
transgenic plant according to the present invention can exhibit a high resistance 
against plant diseases with reducing tiie iise of agrochemicals, it can be expected Ifaat 
the transgenic plant can greatly contribute to an increase in yield of economical crops. 
Further, the present invmtion revealed that JaMe is involved mainly in the plant 

15 resistance against phytopathogens and harmful insects. According to this, it is 
e?^ected that JMT gene and enzyme protein according to the present invention can be 
effectively utilized to search Ae novel jasmonic acid carboxyl methyltransferase and 
gene thereof in developing the plant body resistant to phytopathogens and harmful 
insects in the future. 
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WHAT IS CLAIMED IS: 

1. A jasmonic acid caiboxyl methyltransferase JMT having an amino acid 
sequence represented by Sequence ID No. 3. 

5 

2. A cDNA gene encoding jasmonic acid caiboxyl methyltransferase as defined in 
claim 1. 

3. The cDNA gene according to claim 2, which contains an amino acid sequence 
10 represented by Sequence ID No. 1. 

4. The cDNA gene JMT according to claim 3, which contains an amino acid 
sequence represented by Sequence ID No. 2 (Accession No. KCTC 0794BP). 

15 5. A recombinant vector for plant transformation, which contains the cDNA gene 
for jasmonic acid carboxyl methyltransferase as, defined in claim 2. 

6. The recombinant vector pCaJMT for plant transfomiation according to claim 5, 
which contains a cDNA gene haAong a nucleotide sequence rq>resented by Sequence 

20 IDNo. 1. 

7. A transgenic plant, which is transformed with the recombinant vector for plant 
transformation as defined in claim S and has an enhanced resistance against damages 
caused by phytopathogens and hantnftd insects and stresses. 

25 

8. A method for enhancing a resistance of plant against damages caused by 
phytopadiogens and harmfiil insects and stresses, which comprises transfomung the 
plant with a recombinant vector for plant transformation which contains a gene 
encoding jasmonic acid carboxyl meth>dtransferase. 

30 

9. The method according to claim 8, whomi the gene encoding jasmonic acid 
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caifooxyl methyltransferase is the gene as defined in claim 2. 

10. The method according to claim 9, wherein the gene encoding jasmonic acid 
carboxyl methyltransferase is the gene as defined in claim 3 or 4. 

5 

11. The method according to claim 8, wherein the damages caused by 
phytopathogens and harmfiil insects are fimgal diseases, bacterial diseases, viral 
diseases or daniages due to harmfiil insects. 

10 12. The method according to claim 11, wherein the damages caused by 

phytopathogens and harmfiil insects are blast, bacterial leaf bli^t, &lse smut and 
leafliopper in rice plant; scab in barley; brown spot in maize; mosaic disease in bean 
plant; mosaic disease^ in potato; late blight and anthracnose in red pepper; soft rot, 
root-knot disease and cabbage butterfly in Chinese cabbage and radish; bacterial 

15 blight in sesame; gray mold rot and wilt disease in strawberry; Fusarium wilt in 
watermelon; bacteria] wilt in tomato; powdery mildew and downy mildew in 
cucumber; tobacco mosaic in tobacco; Fusarium wilt in tomato; root rot in ginseng; 
angular leaf spot in cotton plant; anthracnose and gray mold rot in fruit trees including 
apples, pears, peaches, kiwi fiiiit, gr^e and citrus; canker in apple; witches* broom in 

20 jujube tree; powdery mildew and rust in forage crops including ryegrass, red clover, 
orchard grass, alfalfa, ete.; gray mold rot and wilt disease in flowering plants 
including rose, gerbera, carnation, eto.; black spot in rose; mosaic disease in gladiolus 
and orchids; or stem rot in lily. 

25 13. The method according to claim 8, wherein the plant to be transformed is 
selected fit>m the group consisting of food crops, vegetable crops, crops for a special 
use, firuit trees, flowering plants and forage crops. 

14. The method according to claim 13, wherein the food crop is selected fix>m the 
30 groiq> consisting of rice plant, wheat, barley, maize, potato, red-bean, oats and Afiican 
millet; the vegetable crop is selected firom the group consisting of Arabidqpsis, 
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Chinese cabbage, radish, red pepper, strawberry, tomato, watermelon, cucumber, 
cabbage, melon, pumpkin, green onion, onion and carrot; the crop for a special use is 
selected fiom the group consisting of ginseng, tobacco, cotton plant, sesame, sugar 
cane, sugar beet, green perilla, peanut and rape; the fruit tree is selected from the 
5 group consisting of apple tree, pear tree, jujube tree, peach tree, kiwi fruit, grape, 
citrus, persimmon tree, plum, apricot and banana; the flowering plant is selected from 
the group consisting of rose, gladiolus, gerbera, carnation, chrysanthemum, lily and 
tulip; and the forage crop is selected from the groi^ consisting of ryegrass, red clover, 
orchard grass, alfgdfEi, tall fescue and perennial ryegrass. 

[0 

15. The method according to claim 8, wherein the resistance against stresses is a 
drought resistance, a salt resistance and a cold resistance. 
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AUMT K#«R^i4Ki@l^<irAiSN^6RRVMD^LKKiMMSNSEISSI(^^ 60 
SAMT I^Q^gKGlAiiN^P'iRQN^TKPITEyilTAgYSGDTVTTR^ 60 



AtJMT ^^Si^lSNIVDiHhiCPDLDiP-V^RVSii^HYlCAKFYDRVNi 119 

SAMT ^P#AVTEUli\/E^|^GiENS|iYQIFKP3^'|H^~-l^ 115 

AUMT NKEGLGllRG6GES^SArt^^^«\MSM^REAEKEDRT 179 

SAMT DVD-^\^N(^^H^70|^Yei^ 156 

AUMT |TADLEi#®SKiSiiAHI»LSTiFL\iMS^l^^HSI^m 239 

SAMT iGlE-SiKiNlitAliCiCi^ 215 

AUMT iPTTE|^Y(*»»Si^«M|AMY|AA|S^LKM\|^Wsi 299 

SAMT |RASTiciLi(le^Ci\^^■H^ilW#Ff^AEil.^M 275 

AUMT Rlili^^GGiSEESYiAIRSKPiALASGi^VSNTlH\®iEPT^NVMDEL 359 

SAMT Hii^&lCTKDG-|GGGSVE^YNVAi-~CIU0\^lSi}H^UIEDV 328 

AUMT i^AKIV(^FYVSSPRYAliL^#-6 389 

SAMT i^aUiRMSKEKTKFINi\®§KSD 359 
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<110> 
<120> 

<130> 

<150> 
<151> 

<160> 

<170> 

<210> 
<211> 
<212> 
<213> 

<400> 



atggaggtaa tgcgagttct tcacatgaac aaaggaaacg gggaaacaag ttatgccaag 60 

aactccaccg ctcagagcaa csltaatatct ctaggcagaa gagtaatgga cgaggccttg 120 

aagaagttaa tgatgagcaa ttcagagatt tcgagcattg gaatcgccga cttaggctgc 180 

tcctccggtc cgaacagtct cttgtccatc tccaacatag ttgacacgat ccacaacttg 240 

tgtcctgacc tcgaccgtcc agtccctgag ctcagagtct ctctcaacga cctccctagc 300 

aatgacttca actacatatg tgcttctttg ccagagtttt acgaccgggt taataataac 360 

aaggagggtt tagggttcgg tcgtggagga ggagaatcgt gttttgtgtc ggccgtccca 420 

ggttcgttct acggacgttt gtttcctcgc cggagccttc actttgtgca ttcttcttct 480 

agtttacatt ggttgtctca ggttccatgt cgtgaggcgg agaaggaaga caggacaata 540 

acagctgatt tagaaaacat ggggaaaata tacatatcaa agacaagtcc taagagtgca 600 

cataaagctt atgctcttca attccaaact gatttcttgg tttttttgag gtcacgatct 660 

gaggagttgg tcccgggagg ccgaatggtt ttatcgttcc ttggtagaag atcactggat 720 

cccacaaccg aagagagttg ctatcaatgg gaactcctag ctcaagctct tatgtccatg 780 

1 
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gccaaagagg gtatcatcga ggaagagaag atcgatgctt tcaacgctcc ttactatgct 840 

gcgagctccg aagagttgaa aatggtgata gagaaagaag ggtcattttc gatcgatagg 900 

cttgagataa gtccgattga ttgggaaggt gggagtatca gtgaggagag ttatgacctt 960 

gcaataaggt ccaaacccga agccctagct agtggccgaa gagtgtctaa taccataaga 1020 

gctgtggtcg agccgatgct agaacctact ttcggtgaaa atgtgatgga cgagcttttt 1080 

gaaaggtatg caaagatcgt gggagagtac ttctatgtaa gctcgccacg atacgctatt 1140 

gttattcttt cgctcgttag aaccggttga 1170 



<210> 2 

<211> 1476 

<212> DNA 

<213> Arabidopsis thaliana 
<220> 

<221> CDS 

<222> (15)..(1181) 

<223> open reading frame for JMT 



<400> 2 

aaagagagag agag atg gag gta atg cga gtt ctt cac atg aac aaa 47 

Met Glu Val Met Arg Val Leu His Met Asn Lys 
15 10 

gga aac ggg gaa aca agt tat gcc aag aac tec acc get cag age aac 95 
Gly Asn Gly Glu Thr Ser Tyr Ala Lys Asn Ser Thr Ala Gin Ser Asn 
15 20 25 

ata ata tct eta ggc aga aga gta atg gac gag gcc ttg aag aag tta 143 
lie lie Ser Leu Gly Arg Arg Val Met Asp Glu Ala Leu Lys Lys Leu 
30 35 40 

atg atg age aat tea gag att teg age att gga ate gee gae tta gge 191 
Met Met Ser Asn Ser Glu lie Ser Ser Ue Gly He Ala Asp Leu Gly 
45 50 55 

tgc tec tec ggt ecg aac agt etc ttg tec ate tec aac ata gtt gac 239 
Cys Ser Ser Gly Pro Asn Ser Leu Leu Ser lie Ser Asn De Val Asp 
60 65 70 75 

acg ate cac aac ttg tgt cet gae etc gae cgt cea gtc cet gag etc 287 
Thr He His Asn Leu Cys Pro Asp Leu Asp Arg Pro Val Pro Glu Leu 
80 85 90 
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aga gtc tct etc aac gac etc cct age aat gae ttc aac tac ata tgt 335 
Arg Val Ser Leu Asn Asp Leu Pro Ser Asn Asp Phe Asn Tyr He Cys 
95 100 105 

get tct ttg cca gag ttt tac gac egg gtt aat aat aac aag gag ggt 383 
Ala Ser Leu Pro Glu Phe Tyr Asp Arg Val Asn Asn Asn Lys Glu Gly 
110 115 120 

tta ggg ttc ggt cgt gga gga gga gaa teg tgt ttt gtg teg gcc gtc 431 
Leu Gly Phe Gly Arg Gly Gly Gly Glu Ser Cys Phe Val Ser Ala Val 
125 130 135 

cca ggt teg ttc tac gga cgt ttg ttt cct cgc egg age ctt cac ttt 479 
Pro Gly Ser Phe Tyr Gly Arg Leu Phe Pro Arg Arg Ser Leu His Phe 
140 145 150 155 

gtg cat tct tct tct agt tta cat tgg ttg tct cag gtt cca tgt cgt 527 
Val His Ser Ser Ser Ser Leu His Trp Leu Ser Gin Val Pro Cys Arg 
160 165 170 

gag gcg gag aag gaa gac agg aca ata aca get gat tta gaa aac atg 575 
Glu Ala Glu Lys Glu Asp Arg Thr Tie Thr Ala Asp Leu Glu Asn Met 
175 180 185 

ggg aaa ata tac ata tea ciag aca agt cct aag agt gca cat aaa get 623 
Gly Lys He Tyr He Ser Lys Thr Ser Pro Lys Ser Ala His Lys Ala 
190 195 200 

tat get ctt caa ttc caa act gat ttc ttg gtt ttt ttg agg tea cga 671 
Tyr Ala Leu Gin Phe Gin Thr Asp Phe Leu Val Phe Leu Arg Ser Arg 
205 210 215 

tct gag gag ttg gtc ccg gga ggc cga atg gtt tta teg ttc ctt ggt 719 
Ser Glu Glu Leu Val Pro Gly Gly Arg Met Val Leu Ser Phe Leu Gly 
220 225 230 235 

aga aga tea ctg gat ccc aca acc gaa gag agt tgc tat caa tgg gaa 767 
Arg Arg Ser Leu Asp Pro Thr Thr Glu Glu Ser Cys Tyr Gki Trp Glu 
240 245 250 

etc eta get caa get ctt atg tec atg gcc aaa gag ggt ate ate gag 815 
Leu Leu Ala Gin Ala Leu Met Ser Met Ala Lys Glu Gly He lie Glu 
255 260 265 

gaa gag aag ate gat get ttc aac get cct tac tat get gcg age tec 863 
Glu Glu Lys He Asp Ala Phe Asn Ala Pro Tyr Tyr Ala Ala Ser Ser 
270 275 280 

gaa gag ttg aaa atg gtg ata gag aaa gaa ggg tea ttt teg ate gat 911 
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Glu Glu Leu Lys Met Val He Glu Lys Glu Gly Ser Phe Ser He Asp 
285 290 295 

agg ctt gag ata agt ccg att gat tgg gaa ggt ggg agt ate agt gag 959 
Arg Leu Glu He Ser Pro He Asp Trp Glu Gly Gly Ser He Ser Glu 
300 305 310 315 

gag agt tat gac ctt gca ata agg tec aaa ccc gaa gcc eta get agt 1007 
Glu Ser Tyr Asp Leu Ala He Arg Ser Lys Pro Glu Ala Leu Ala Ser 
320 325 330 

ggc cga aga gtg tct aat acc ata aga get gtg gte gag eeg atg eta 1055 
Gly Arg Arg Val Ser Asn Thr He Arg Ala Val Val Glu Pro Met Leu 
335 340 345 

gaa cct act ttc ggt gaa aat gtg atg gac gag ctt ttt gaa agg tat 1 103 

Glu Pro Thr Phe Gly Glu Asn Val Met Asp Glu Leu Phe Glu Arg Tyr 
350 355 360 

gca aag ate gtg gga gag tac ttc tat gta age teg cca cga tae get 1151 
Ala Lys He Val Gly Glu Tyr Phe Tyr Val Ser Ser Pro Arg Tyr Ala 
365 370 375 

att gtt att ctt teg etc gtt aga ace ggt tgatcgtgt tataacatat 1200 
He Val He Leu Ser Leu Val Arg Thr Gly 
380 385 

gccaatatae atgtctttgg gcctacaatg acatgatttg gtagttttet aatcaagcat 1260 

atgtaatata atttgcttcg agaataaaat aataaaataa agtgtgatgt tacggtagac 1320 

cctttttttt ttttcttcat ttaeggtaga cctatagtat taaaacaaat agaateagct 1380 

ggttcggacc ttgaaatgag agagcttgga tgcatgtaga cgcattagtc gtgaattatt 1440 

caaatagaac taccttttgg gccaaaaaaa aaaaaa 1476 



<210> 3 
<211> 389 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 3 

Met Glu Val Met Arg Val Leu His Met Asn Lys Gly Asn Gly Glu Thr 
15 10 15 

Ser Tyr Ala Lys Asn Ser Thr Ala Gin Ser Asn He He Ser Leu Gly 
20 25 30 
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Arg Arg Val Met Asp Glu Ala Leu Lys Lys Leu Met Met Ser Asn Ser 
35 40 45 

Glu He Ser Ser lie Gly De Ala Asp Leu Gly Cys Ser Ser Gly Pro 
50 55 60 

Asn Ser Leu Leu Ser lie Ser Asn lie Val Asp Thr He His Asn Leu 
65 70 75 80 

Cys Pro Asp Leu Asp Arg Pro Val Pro Glu Leu Arg Val Ser Leu Asn 
85 90 95 

Asp Leu Pro Ser Asn Asp Phe Asn Tyr lie Cys Ala Ser Leu Pro Glu 
100 105 110 

Phe Tyr Asp Arg Val Asn Asn Asn Lys Glu Gly Leu Gly Phe Gly Arg 
115 120 125 

Gly Gly Gly Glu Ser Cys Phe Val Ser Ala Val Pro Gly Ser Phe Tyr 
130 135 140 

Gly Arg Leu Phe Pro Arg Arg Ser Leu His Phe Val His Ser Ser Ser 
145 150 155 160 

Ser Leu His Trp Leu Ser Gin Val Pro Cys Arg Glu Ala Glu Lys Glu 
165 170 175 

Asp Arg Thr He Thr Ala Asp Leu Glu Asn Met Gly Lys He Tyr Ue 
180 185 190 

Ser Lys Thr Ser Pro Lys Ser Ala His Lys Ala Tyr Ala Leu Gin Phe 
195 200 205 

Gin Thr Asp Phe Leu Val Phe Leu Arg Ser Arg Ser Glu Glu Leu Val 
210 215 220 

Pro Gly Gly Arg Met Val Leu Ser Phe Leu Gly Arg Arg Ser Leu Asp 
225 230 235 240 

Pro Thr Thr Glu Glu Ser Cys Tyr Gin Trp Glu Leu Leu Ala Ghi Ala 
245 250 255 

Leu Met Ser Met Ala Lys Glu Gly He He Glu Glu Glu Lys He Asp 
260 265 270 

Ala Phe Asn Ala Pro Tyr Tyr Ala Ala Ser Ser Glu Glu Leu Lys Met 
275 280 285 

Val He Glu Lys Glu Gly Ser Phe Ser lie Asp Arg Leu Glu He Ser 
290 295 300 
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Pro He Asp Trp Glu Gly Gly Ser He Ser Glu Glu Ser Tyr Asp Leu 
305 310 315 320 

Ala lie Arg Ser Lys Pro Glu Ala Leu Ala Ser Gly Arg Arg Val Ser 
325 330 335 

Asn Thr De Arg Ala Val Val Glu Pro Met Leu Glu Pro Thr Phe Gly 
340 345 350 

Glu Asn Val Met Asp Glu Leu Phe Glu Arg Tyr Ala Lys lie Val Gly 
355 360 365 

Giu Tyr Phe Tyr Val Ser Ser Pro Arg Tyr Ala He Val lie Leu Ser 
370 375 380 

Leu Val Arg Thr Gly 
385 



<210> 4 

<211> 30 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 5' primer for PGR of JMT gene 

<400> 4 

cgcgtccgaa ttcgagagag agagaatgga 30 

<210> 5 

<211> 30 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 3' primer for PGR of JMT gene 

<400> 5 

tttgaagaat tcacgactaa tgcgtctaca 30 
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